Between September 2009 and April 2010, superficial samples of plankton were collected in Acapulco Bay, using 150-µm mesh net, with the objective of studying the temporal variation in the abundance, species composition of the copepod community, and their relationship with some environmental parameters. Twenty-nine species of four orders were identified: 11 of Calanoida, 4 of Cyclopoida, 3 of Harpacticoida and 11 of Poecilostomatoida. A multivariate analysis (PCA) used to detect association between the abundance of copepod populations, and the environmental conditions through time, indicates a marked effect of the temperature and salinity parameters, on the abundance of the four copepod groups. The calanoids dominated numerically during most of the sampling months. The more important copepods genus were Corycaeus (7 species), and Oithona (4 species). Nevertheless that the abundance of all copepod groups was affected temporarily by variations in the environmental conditions, the species composition inside the copepods community remained very stable.
Introduction
Copepods are considered the most abundant and diverse component of mesozooplankton in marine environments, and the most important secondary producers in marine food webs [1] [2] . Their distribution in the tropical coastal areas is not homogeneous, although some species of Acartia and Labidocera genus, end up forming
Materials and Methods
Plankton samples were collected inside the Acapulco Bay between September 2009, and April 2010 in five stations: 1) Club de Yates (16˚50'N, 99˚54'W); 2) Islote del Morro (16˚51'N, 99˚53'W); 3) Naval Base (16˚51'N, 99˚51'W); 4) Casa de Diaz Ordaz (16˚50'N, 99˚51'W); and 5) Centro de la Bahia (16˚49'N, 99˚53'W). In each station, plankton samples were taken by means of superficial trail, during five minutes using 150-µm mesh net. Water temperature, pH, and salinity were measured in situ with an YSI probe. Nutrient (nitrates, ammonium, and phosphates) concentrations, were determined in each sample following a standard colorimetric method (Hanna equip). Mean values of pluvial precipitation were obtained of meteorological station No. 768050, and data of Oceanic Niño Index (ONI) of the National Oceanic and Atmospheric Administration [18] . Plankton samples were fixed in 4% formaldehyde, and copepod quantification was done using a Leica microscope.
Copepod species were identified according to specialized literature [4] [8] [9] [17] [19] [20] . The OlmsteadTukey association test [21] , was applied to classify the copepod species based on parameters of occurrence frequency, and mean abundance: (D) dominant (abundant and frequent), (C) common (low abundance but frequent), (O) occasional (abundant but low frequency), and (R) rare (low abundance and low frequency). A oneway ANOVA was applied to identify significant differences in abiotic parameters (temperature, dissolved oxygen, pH, and salinity), and nutrient concentrations. When significant deviations from normality were identified, parameters, and concentration data were log-transformed (log x + 1) to meet normality, and homoscedasticity requirements. Multivariate analysis (Principal Component Analysis, PCA) were used to determine associations between the environmental parameters, nutrient concentrations (predictor variables), and the abundance of four copepod orders: Calanoidea, Cyclopoidea, Harpacticoida, and Poecilostomatoida.
Community parameters included total number of species, relative abundance, the Shannon-Wiener (H) diversity index, species evenness (J), and the Berger-Parker Index (BPI) as a measure of numerical dominance [22] . The qualitative Bray-Curtis similarity index, was used to evaluate similarity or difference in species composition between months. The Student's t-test was applied to identify differences between community parameters.
Results
Mean temperature varied significantly during the sampling period from 24.9˚C ± 1.62˚C to 30.9˚C ± 0.44˚C (ANOVA, F = 208.5, P < 0.05) ( Table 1) , although not among stations (P > 0.05), for what monthly data were pooled in the later analyses. Salinity varied from 32.3 ± 0.48 to 35 ± 2.14 psu (ANOVA, F = 66.43, P < 0.05), while pH ranged from 7.78 ± 0.46 to 8.4 ± 0.23 (ANOVA, F = 17.14, P < 0.05). Table 1) .
The predictor variables included in the PCA were temperature, pluvial precipitation, salinity, dissolved oxygen, nutrients, data of Oceanic Niño Index (ONI), and the abundance of 4 copepod orders as dependent variables. The best model allowed the extraction of 3 components, which explained 54.97% of the total variance, but only the first two were used (42.51%). The first component associated the salinity with the abundance of poecilostomatoid, and calanoid copepods (Figure 1 ), so that a decrease in this parameter during the rainy season (September-October), favored an increase in the occurrence of these two copepod groups (Figure 2) . While in the second component, the temperature variation was associated with the abundance of cyclopoid, and harpacticoid copepods (Figure 1 ). The descent of the temperature registered during some months (January to March 2010), generated a higher abundance of these other copepod groups, in Acapulco Bay (Figure 3) .
The zooplankton community included a total of 29 species of copepods: 11 Calanoida, 4 Cyclopoida, 3 Harpacticoida, and 11 Poecilostomatoida ( Table 2 ). The calanoid copepods dominated numerically during most of the months, with the exception of November 2009, when the poecilostomatoid were the most abundant group (Figure 4 ). This copepod group represented 51.6% of the total of individuals counted during the sampling period. The more important copepod genus were Corycaeus (7 species), and Oithona (4 species). Four species numerically dominated the communities: 2 Calanoida (Acrocalanus gracilis and Acartia (A.) clausi), one Cyclopoida (Oithona plumífera), and one Poecilostomatoida (Corycaeus (O.) ovalis) ( Table 3 ). These four species accounted for 61% of the total estimated copepods, in the monthly samples. The copepods Acartia (A.) clausi, Acrocalanus gracilis, Corycaeus (O.) ovalis, Corycaeus (A.) typicus, Ditrichocorycaeus andrewsi, Oithona plumifera, and Paracalanus nanus were collected in all sampling months, but only A. gracilis dominated numerically up until in four months ( Table 3 ). The frequency-abundance graphic method indicated that 45.4% of Calanoida species to be dominant (i.e. abundant, and frequent), as long as 25% of Cyclopoida, and 18.2% of Poecilostomatoida species, had this same classification.
Species richness varied significantly (t-test = 10.77, P < 0.05), from 9 species (November 2009) to 24 species (April 2010), while the total relative abundance for each one of the copepod orders ranged from 17.04 (Harpacticoida), to 412.74 (Calanoida). The relative abundance of Harpacticoida registered a significant increase during the last three months, while the abundance of Calanoida decrease, during these same months (Figure 4) . Shannon-Wiener diversity index values ranged from 2.71 to 3.88, and evenness from 0.65 to 0.84 (Table 3) ; both parameters varied significantly between months (t-test = 19.64; 25.92, P < 0.05, respectively). Diversity index values were significantly higher in April 2010 (3.88), and December 2009 (3.42). Similarity in species composition was high (>50%), and reached 80% during December 2009-January 2010.
Discussion
Water temperature registered a slight descent along most of the sampling months (Table 1, Figure 3) , as long as (Figure 3) . Therefore slight changes in these two environmental parameters (temperature variation < 6˚C, and salinity 2.9 psu), can be enough to generate important changes in the species composition of the copepod community, along the year in the Acapulco Bay. The cyclopoids of Oithona genus are cosmopolitan copepods, that inhabit in tropical and temperate marine waters. In temperate regions, Oithona is often the most important copepod genus present, and reproduces year round in surface waters [23] . Therefore, the descent of the temperature during January to March 2010 (Figure 3) , favored the reproduction of this copepod genus, which was constituted by four species ( Table 2) .
On the other hand, it has been pointed out that most species of pelagic harpacticoids doesn't present a wide distribution in the open ocean. However, some species of Microsetella can reach a high abundance in subtropical coastal areas, at temperatures lower than 20˚C [24] . In Acapulco Bay, the descent in the temperature registered during January to March 2010, favored the occurrence of Microsetella rosea, which confirms the best adaptation of this copepod genus to low temperatures, in this case near to 20˚C. Salinity also has a notable effect on the structuring of copepod communities, particularly in estuarine, and coastal environments [6] [25] [26] . The decrease of the salinity during the rainy months, generated an increment in the occurrence of calanoid, and poecilostomatoid copepods (Figure 2) . The concentrations of some nutrients registered a different behavior along the study. For example, the nitrites and nitrates increase from December 2009 to April 2010, as long as the phosphates decreased during this same period. While ammonium presented a very irregular behavior ( Table 1) . Contrary to the other nutrients, the nitrates were present in lower concentrations during the rainy months (September to November 2009), which was also associated with the increment of calanoid, and poecilostomatoid copepods in these months (Figure 1) . The calanoid, and poecilostomatoid copepod groups presented the higher species richness (11 species each one) ( Table 2) ; but the relative total abundance of the poecilostomatoid was significantly lower than the calanoid copepods. The calanoid Acrocalanus gracilis was the most abundant copepod during the whole study; its total relative abundance represented 29% of the global copepods abundance, and dominated the community during five of the eight sampling months ( Table 3) . Acrocalanus gracilis is widely distributed in the tropical and subtropical coasts of the Pacific Ocean, according to records of many reports [27] . Some surveys of the copepods taxonomic composition, have also reported this calanoid species, as the most abundant in copepod communities in coastal waters [7] [27] . A second calanoid species Acartia (A.) clausi dominated the community during January 2010, when represented 22.7% of the total abundance. This species is abundant in the Gulf of California, where can represent between 84% and 95% of the total abundance of copepods community, during the spring months [12] [28] .
Copepods are considered to be good indicators of water masses [7] [29] . Their presence, and circadian vertical migration are correlated with their ontogenetic development, feeding habits, oceanographic conditions [30] - [32] , and climatic events that can impact a global scale, as El Niño, and La Niña [7] [33] . The Oncaea, Corycaeus, and Acrocalanus genus are common in oceanic waters; as long as Canthocalanus, and Centropages, are abundant in neritic waters [7] . Therefore due the higher copepod species richness of Corycaeus genus registered here (7 species, Table 2), it is possible to suggest the presence a high oceanic influence in the copepod species composition, in the Acapulco Bay during this study.
Nevertheless during the sampling period (2009-2010) there was an episode of El Niño [18] , or the Southern Oscillation, its influence in the abundance, and the species composition of the copepod community was not evident. It is possible that the negative effect of this phenomenon on the Bay's environmental conditions, has not been observed because its influence in other regions of the Pacific Ocean is not immediate, since there can be a delay of several months before signs of its presence, as some studies suggest [7] .
The species distribution pattern of the copepod community in Acapulco Bay, was similar to patterns reported for other marine or estuarine communities. Community structure was determined by a low number of dominant species (2 calanoid, 1 cyclopoid, and 1 poecilostomatoid), which contributed over 61% of total abundance, and a high number of occasional, and rare species (>50%). Total richness registered in the study area (29 species), was within the species number range, reported for other locations in Mexican Pacific coasts [10] [20] [33] [34] , and other countries with similar climatological conditions [35] - [37] . The high diversity values registered in four months (>3 bits/ind), can be attributed to the fact that the community was less dominated by some species, being the species abundance more homogeneous (evenness > 0.70), in contrast with other months ( Table 3) . The high stability in the species composition registered here (similarity > 50%), can be attributed to the fact that the copepod community was consistently dominated by only four species: Acrocalanus gracilis, Acartia (A.) clausi, Oithona plumifera, and Corycaeus (O.) ovalis ( Table 3) . For example, the highest qualitative similarity value (80%) was registered between December 2009-January 2010, when two different species dominated the community (Acrocalanus gracilis, and Acartia (A.) clausi, respectively), although their dominance was very similar (≈23%) ( Table 3 ).
Conclusion
Overall, our results indicated that the abundance of the copepod populations was temporarily affected for variations in some environmental parameters, which occurred during the study period. However, the species composition inside the copepod community remained stable, because it was dominated in a constant form, by a reduced species group which can alternate their dominance through time; because each species responds in a different way, to the changes in environmental conditions.
